Abstract-Treating wastewater by bio-reactors combined with electrolytic cells gets better efficiencies in practices. Beside removal of pollutants by electro-oxidation reactions, organic polymerization is considered as another mechanism contributing to remove pollutants in treating wastewater by electrolysis. Therefore, an investigation of organic polymerization in wastewater by electrolysis is carried out in this paper. The common organic substrates of methanol, ethanol and glycol in water can be polymerized by electrolysis. Polymer precipitation contributes to removing 36.9 % and 86.38 % of COD of pulping wastewater and black liquor, respectively. The results indicate that organic polymerization plays an important role in pollutants reduction in treating wastewater by electrolysis.
I. INTRODUCTION
Water is the source of life, and is one of the most abundant resources in the world [1] . However, with the increasing human activities, a large amount of wastewater is generated and discharged into rivers and sea, causing water pollution [2] that has threatened the survival of human being [3, 4] . Therefore, treating wastewater before discharge is required, and to find effective wastewater treatments has become one of important research points in the world [5, 6, 7] .
The wastewater containing harmful organic compositions are generally called organic wastewater which is discharged from industry and the domestic living waste [8, 9] . Anaerobic and aerobic bioreactors [10, 11] are commonly used to treat wastewater by converting the containing organic compositions into biogas including CO2 and fuel of H2 and CH4 [12, 13] . To further remove the biological inefficient compositions in wastewater, bio-electrochemical treatment system is usually combined with the bio-reactors to enhance their treating ability and efficiency [14] . For example, Tartakovsky, et al [15] increased 15.0 %-20.0 % of methane production in an up-flow anaerobic sludge blanket (UASB) reactor by combined with electrodes inside the sludge bed. Zhang, et al [16] improved the anode performance of a microbial electrolysis cell (MEC) combined anaerobic reactor for high concentration industrial wastewater treatment via dosing Fe(OH)3. Feng, et al [17] increased 11% of VSS removal rate by equipped microbial electrolysis cells in an anaerobic reactor at an applied voltage of 0.3 V. Yetilmezsoy, et al [18] carried a experiment to investigate the performance of an UASB reactor combined with an electrolytic cell, getting about 90.0 % of COD and 92.0 % of residual color removal.
Based on the facts raised above, there is a scientific question needs to consider: why combination with electrolytic cells that consumed minority of electric energy significantly enhances the ability and efficiency of COD removal? The answers' in references generally are: the pollutants were decomposed by electro-oxidation via two path-ways, directly by electron transfer and indirectly by active radicals such as · OH, · H, and · O. Those electro-oxidation reactions convert the pollutants into CO2 and H2O [19] . Besides electro-oxidation reactions, organic polymerization is considered as another mechanism for enhancing pollutants removal in treating wastewater by electrolysis. This consideration is based on the practices that many of polymers generated and then became precipitates in the electrolytic reactor in our previous research on artificial photosynthesis [20] . Therefore, an investigation of the organic polymerization in wastewater water by electrolysis is carried out to test the consideration in this paper.
II. METHODS

A. The Pulping Wastewater and Black Liquor
Both pulping wastewater and black liquor were obtained from the Guangxi Huajing Co., Ltd. The chemical oxygen demand (CODCr) of the wastewater is 1236.8 mg/L. The black liquor is in a concentration of (wt %) 12.2 % and a chemical oxygen demand (CODCr) of 119,198.4 mg/L. The black liquor was generated from gumwood combined with bamboo. After combustion, the mass of the inorganic residue accounts for 43.8 % of the dry solids; thereby, the organic components in the dry black liquor are estimated to be 56.2 %.
B. The Designs of the Electrolytic Reactor
The electrolytic reactor used in this study was separated to a cathode chamber and an anode chamber which was sealed up with Cationic exchange membranes. The anode and cathode plates were both constructed using titanium metal electrode.
C. Investigation of Common Organic Substrates Polymerized by Electrolysis
The organic substrates of methanol, ethanol and glycol were selected as simulating objections. 1.0 % (wt %) of those solutions were fed into the anode chamber of the electrolytic reactor, which was operated under 4.0 V of working voltage and 0.25 mA of current for four hours to obtain the corresponding polymers.
D. Investigation of the Polymerization in Treating Wastewater
The pulping wastewater was fed into the anode chamber the reactor, which was operated under 4.0 V of working voltage and 12.5-2.5 mA of current for 120 hours.
E. Investigation of the Polymerization in Treating
Pulping Black Liquor First, a 200.0 ml of black liquor was diluted to 900 ml, and then was into the anode chamber the reactor, which was operated under 4.0 V of working voltage and average 100.0 mA of current for 48 hours. In the reactor, NaOH and H2 were generated in cathode chamber; varieties of organic acids, lignin and some other organic polymers were generated in anode chamber (Shows in supplementary materials). Secondly, the acidified mixture was filtered by membrane filter, yielding wet biomass solids and acidic filtrate. 1,000 ml of black liquor was treated completely in 240 hours, generating products of NaOH, H2, biomass solids and consuming electrical energy.
III. RESULTS
A. The Results of the Polymerization on Common
Organic Molecules Shown in Fig. 1 are the HPGPC spectrums of the electrolytic solutions generated from methanol, ethanol and glycol.
As shown in Fig. 1 , there are polymers in low weight of 225 g/mol and huge weight of 7.0×105 g/mol generated from methanol. Additionally, there are polymers in low weight of 187 g/mol and huge weight of 2.0×106 g/mol generated from ethanol, and there are polymers in low weight of 271 g/mol and huge weight of 9.8×105 g/mol generated from glycol. These HPGPC results of the polymers generated from methanol, ethanol and glycol. These results identify that the substrates of methanol, ethanol and glycol can be polymerized by electrolysis. GPC spectrums of the electrolytic solutions generated from methanol (a), ethanol (b) and glycol (c)
B. The Organic Polymerization in Treating Pulping Wastewater by Electrolysis
After operation for 120 hours and filtration, A CODCr value of 1236.8 mg/L and colorimetric value of 50 times of the pulping wastewater from paper mill is reduced by electrolysis, obtained 217.3 mg of a polymer precipitated and a residue filtrate with COD Cr value of 198.6 mg/L. Shown in Table 1 are the COD conversions in the treating process. In where, the COD masses of liquids were obtained by the multiplying of COD value and volume. The COD mass of the polymer precipitated was measured via digestion, while the COD mass of biomass converted to CO2 [19] was obtained by the calculation among the COD masses of the wastewater, the polymer precipitated and the residue filtrate. The ratios are the special COD mass comparing with the COD mass of wastewater.
Shown in Table 1 , there is still some biomass remaining in the residue filtrate, contributing to 16.1 % of the COD of wastewater. Thereby, total 83.9 % of the COD mass is removed in 120 hours by electrolysis. In that 83.9 % of COD mass removal, the polymer precipitated contributes to 36.9 % of the COD of the wastewater. And thereby, the biomass converted to CO2 by oxidant reaction is calculated to be 47.0 % of the COD of the wastewater. Table 2 are the COD conversions in treating black liquor by electrolysis. In where, the COD masses of liquids are obtained by the multiplying of COD value and volume. The COD masses of polymer precipitates are obtained by the minus between the COD masses of the generated suspension and the acidic filtrate. The COD mass of biomass converted to CO2 was obtained by the COD mass of the black liquor minus the COD mass of the generated suspension. The ratios are the results comparing with the COD mass of black liquor.
The COD value for the black liquor was 119198.4 mg/L. After electrolysing in for 96 hours, a suspension with COD Value of 110824.8 mg/L was obtained. And after removed the polymer precipitates by filtering, an acid filtrate polymerized to form a mixture with a COD value of 7847.6 mg/L. Based on Table 2 , there is still some biomass remaining in the residue filtrate, contributing to 6.59 % of the COD of the black liquor. The organic polymerization (including lignin and other polymers) contributes to 86.38 % of the COD of black liquor, and can be removed by filtration, and the biomass converted to CO2 by oxidant reaction is calculated to be 7.03 % of the COD of the black liquor.
IV. CONCLUSIONS
Based on the experiments, conclusions can be draw as following: The common organic molecules of methanol, ethanol and glycol in water solutions can be polymerized by electrolysis. Polymer precipitated contributes to remove 36.9 % and 86.38 % of COD of pulping wastewater and black liquor, respectively. The results indicate that organic polymerization plays an important role in pollutants reduction in treating wastewater by electrolysis, and provide a new way to treat black liquor by recovery both biomass solids and sodium hydroxide.
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